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(54) UGHT-EMITTING ELEMENT OF GALUUM NrTWDE COMPOUND SEMICONDUCTOR 

(57)Abstract 

PURPOSE: To improve light-emitting efficiency by obtaining uniform light 
mission from an active layer, improving the luminosity and output of the 
lement and further lowering Vf of the light-emitting element 
CONSTITUTION: In a gallium nitride compound semiconductor light-emitting 

lement having a structure in which at least an n-type layer is formed 
between an active layer and a substrate, said n-type layer contains a first 
n-type layer 3 formed at the substrate side and also contains a second n- 
type layer 33 having electron density larger than in the first n^pe layer 3 
formed at the side of an active layer 5 in contact with the first n^ype layer 
3. 
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DESCRIPTION OF DRAWINGS 

, . r . r . T i . :--t : 

[Brief Description of the Drawings] 

[ Drawing 1] The type section view showing the structure of the conventional light emitting device. 

[Drawing 2] The type section view showing the luminescence state of the light emitting device of drawing 1 . 

[Drawing 3] The type section view showing the structure of the light emitting device of one example of this invention. 

[Drawing 4] The type section view showing the luminescence state of the light emitting device of drawing 3 . 

[ Drawing 5] The type section view showing the luminescence state of the light emitting device of other examples of this 

invention. 

[Drawing 6] The type section vie)(i/ showing the structure of the light emitting device of other examples of this invention. 
[Description of Notations] 

1 Substrate 2 Buffer layer 

4 n type clad layer 5 Barrier layer 

6 p type clad layer 7 p type contact layer 

8 Negative electrode 9 Positive electrode 

3. 3', 3 ' First n type layfer (n type contact layer) 

33 33' Second n type layer 
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second n type layer 33. and continuously grown up a UaN contact layer oy 4-microm ter tnicKness ana aiso ^iiiiuiany btmwn 
in drawing 1 . The barrier layer of this light emitting devic emitted light strongly b tween the positiv lectrode 9 and the 
negative electrode 8, as shown in drawing 2 , and it was not able to obtain uniform luminescence. Mor over, in If20mA. Vf($) 
were 3.6V and 1.2mW of radiant power outputs. 
[0031] 

[Effect of the Invention] As explained above, all th light emitting devices of this invention can r alize the element which 
obtained uniform field luminesc nee from th barrier layer, and improved. Moreov r, as for th light emitting device which 
formed second n type layer 33 between the negative electrode 8 and the substrate 1 like xamples 1 and 2. Vf is falling 
clearly. Moreover, since an exampi 3 does not have s cond n type layer between a substrate and a n gative I ctrode. 
although there is little influence about a fall, since second n type layer is mad into the multilayer, the crystal defect of Vf 
of a barrier layer, p type clad layer, and p type contact layer decreases, and a radiant power output's is improving Thus, by 
forming second n type layer with large carrier concentration in the barrier-layer side in contact with first n type layer, the 
light emitting device of this invention can obtain uniform field luminescence, and can realize the element which improved 
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an electron will flow through second h typ lay r 33 with large carrier cone ntration, for example as compared with drawing • 
4 If it is original, and an electrode^ can b formed in the front face of second n type lay r 33 with larg carrier 
concentration, Vf of a light emitting devic can b reduc d. However, since an IE top Is difficult for stopping etching in 
second n type layer 33 when an insulating substrate like sapphire is used, when distance of second n type lay r 33 and a 
negative lectrode 8 is shortened like drawing 5 and th lectron poured in from the electrode 8 passes along second n 
type layer 33 with large carrier concentration, it becomes possible to reduce Vf 

[0019] Sapphire Is used as a substrate, at least on th front face of the silicon on sapphir Furthermore, n type layer. In 
the light mitting devic of the structure wh r an el ctrode is form d in the front face of n type layer on which the 
laminating of a barri r layer and the p type layer was carried out to order, it **********ed and the p type layer and barrier 
layer wer exposed Vf can be effectively reduc d by forming second n type layer 33 betw en the electrode forming face of 
n type layer, and a substrate. Because, if it is the light emitting d vice of structure which gr w up the gallium-nitrid 
system compound semiconductor to be the front face of conductive substrates, such as SIC, ZnO, and SI, the electrode of 
n type layer can be formed in a substrate side, and the electron by the side of n layers will be perpendicularly supplied to a 
barrier layer. The element which has silicon on sapphire as mentioned above to it is supplied in parallel to a barrier layer. 
The electron-transfer distance supplied In parallel also has dozens of micrometers - hundreds of micrometers to the 
distance to which the electron supplied perpendicularly moves n type layer being several [ at most ] micrometers. 
Therefore, In the element to which an electron Is supplied In parallel, by enlarging carrier concentration of second n type 
layer to which an electron Is supplied In parallel, since It becomes easy to move an electron, Vf can be reduced 
[0020] 
[Example] 

The buffer layer 2 which becomes the front face of the substrate 1 which consists of sapphire of 2 inch phi from GaN by 
the [example 1] MGVPE method is grown up by 0.02-mlcrometer thickness. The electronic carrier concentration 5x10 / n 
type contact la yer 3 which consists of n type GaN of 3 1 8cm w hich doped Si is grown up into the front face of thj^iuffer 
layer 2 b v^l-mlc?ometer t hickness as first n tvoe laver " 

[0021] Next, the n mold In0.1Ga0.9N layer of l xl0 20/of elec tronic carrier concentration cm 3 which doped SI is gpwft-up 
into the front face of n type contac t layer 3 by 0.05 -micrometer thickness as second n type layer. ^ / 

[0022] Next, n type contact layer 3' which consists of GaN of 5xl018/of electronic carrier concentration cm 3 whiciv^ JeJS' 
similarly doped Si Is grown u p by 3-micro meter thickness. 

[0023] n type clad la yer which consists of n type alumlnum0.2Ga0.8N of lxl018 /of electronic carrier concentration cm 3 

which doped Si on the front face of n type contact layer 3* Is grown up by 0.1-micrometer thickness, p type contact layer 7 ^/ftm 

which turns into 0.1 micrometers and p type clad layer 6 which consists of Mg dope aluminum0.2Ga0.8N from the Mg dope C ^ J 

GaN in the barrier layer 5 which consists of Si and Zn dope n type In0.1Ga0.9N on it Is grown up in order, and carries out a 

laminating. 

[0024] the wafer obtained as mentioned above — annealing equipment — putting in — 700 degrees C — annealing — 
carrying out — p type clad layer 6 and p type contact layer 7 — further — low — after considering as p type [ ], th 
mask of a predetermined configuration is formed in the front face of p type contact layer 7, etching is performed from p 
type contact layer side, and n type contact layer 3* Is exposed 

[0025] After the rest formed the negative electrode 8 in n type contact layer 3' exposed to p type contact layer 7 with the 
positive electrode 9 according to the conventional method, rt dissociated in the shape of a chip, and it was made into the 
blue light emitting device of structure as shown In drawing 5 . When [ this ] carrying out light-emitting^device luminescence, 
uniform field luminescence with a main luminescence wavelength of 450nm was observed from the barrier layer 5, in 
forward-current (If)20mA, Vf was 3.3V and the radiant power output was 1.8mW. 

[0026] n type contact layer 3 which becomes the front face of the [example 2] buffer layer 2 from the germanium dope 
GaN of electronic carrier concentration Ixl018-/cm3 as first n type layer is grown up by 1-microrn eter thickne ss, and 
second n type layer which becomes from germanium dope In0.2Ga0.8N of electronic carrier concentration 5x1020-/cm3 at 
the front face is grown up by 0.01 -micrometer film pressure, n t ype co ntact layer 3' which consists of germanium dope n 
type GaN of lxl018/of electronic carrier concentration cm 3 as well as the front face of second n type layer 33 Next 2 
micrometers, Second n type layer 33' which consists of germanium dope n type In0.2Ga0.8N of 5xl020/of electronic carrier 
concentration cm 3 grows u p 0.01 mjcrometers and the germanium dope n type GaN layer of 1xl018/of electronic carrier 
concentration cm 3 In order byj^7nicr5meter_ih^ 

[0027] The rest carried out the laminating of n type clad layer 4, a barrier layer 5, p type clad layer 6. and the p type 
contact layer 7 like the example 1, and made them the blue light emitting device of structure as shown In drawing 6 . 
How ver, as shown in drawing 6 . the etching depth from p type contact layer 7 was carried out to to n type contact layer 
3\ and the negative electrode 8 was formed in the front face of n type contact layer 3'. And when this light emitting devic 
was made to emit light, from the barrier layer 5, uniform field luminescence was observed like the example 1. and Vf3.2V 
and the radiant power output were 2.0mW in If20mA. 

[0028] n type contact layer 3 which becomes the front face of the [example 3] buffer layer 2 from Si dope 
aluminum0.1Ga0.9N of electronic carrier concentration Ixl018-/cm3 as first n type layer is grown up by 3-micrometer 
thickness. N xt, second n type layer 33 which made 0.01 mlcrogiBtei^ a nd Si dope aluminunniO j5Ga0.95N o f lx1020/of 
el ctronic carrier concentration c~m 3 the front fafee for^ShdopejnQjG ^ of 1xl020/of electronic carrier concentration 
cm 3, and made the laminating of the 0.01 micrometers B ve^tayer^ ^tTtime by turns respectively is grown up. 
[0029] Next, p type contact layer 7 which turns into 0.1 micrometers and p type clad layer 6 which consists of Mg dope 
aluminum0.2Ga0.8N from the Mg dope GaN In the barri r layer 5 which consists of Si and Zn dope n type In0.1Ga0.9N is 
grown up Into the front face of second n type layer 33 in order, and carries out a laminating to it. That is, n type clad layer 
4 of an example 1 is not grown up. and also a barrier layer 5, p type clad layer 6, and p type contact layer 7 are grown up 
similarly. The rest etched like the example 1 and was made into the light emitting device of structure as shown in drawing 
3 . Uniform field luminescence was obtained from the barrier layer 5 like the place which made this light emitting device 
emit light, in If20mA, it was Vf3.5V and the radiant power output was 2.2mW. 
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type clad lay r 6 and p type contact lay r 7 as single p type layer. 

[0009] In th light emitting devic of this inv ntion. in ord r to grow up the gallium-nitride syst m compound semiconductor 
layer excellent in crystallinity. it is desirable to use sapphire for a substrate 1 pref rably, to grow up GaN or AIN into a 
buffer layer 2^ nd to form by 1 0A - 0.5 micrometers thickness. 

[0010] In usually forming first n type lay r formed between a barrier layer 5 and a substrate 1 b y 1 micrometer - 5 
micrometers thickness as ar\ n type contact layer 3 and forming n typ clad Iaye r4jn-the front face, rt grows up by^SOA - 1 
IniHi^ meteTthi^ However , i I is i iul TTeg^sSary to form specially this n type clad layer 4 as m ntioned above. As a 
gallium-nitrid system compound semiconductor, GaN and AIGaN a r^ desirable and set to GaN most pr ferably. Because, it 
is asy for GaN and AIGaN to dope a non dope or n type dbpantTto serve as n type asily, and to control electronic carri r 
concentration by the dopant GaN tends [ furthermore ] to grow for [ AIGaN ] forming a crystalline good thick film by the 
monolayer. For example, although it is necessary to remov p typ layer by etching and to expose n typ contact layer 3 in 
order to form the electrode 8 of n type contact layer 3 when the element which carried out the laminating of n type layer 
and the p type layer to order by using sapphire as a substrate is realized, it is very convenient in case an actual element 
will be realized since there is the degree of ** of the etching depth tf a thick film can be formed by the monolayer. 
[001 1] Next as for a barrier layer 5. it is desirable to usually grow up by 50A - 0.5 micrometers thickness, and to be 
ref rred to as InGaN. It is also easy for InGaN to be able to change the luminescence wavelength of a light ernitting devic 
asily to purple - green by the mixed-crystal ratio of an indium using luminescence between bands, to dope n type and a p 
type dopant further, and to consider as an emission center. As for the mixed-crystal ratio (In/Ga) to Ga of In. it is still 
more desirable that it is 0.5 or less. Since more InGaN(s) than 0.5 do not have good crystallinity. they are in the inclination 
it to become difficult to obtain a practical light emitting device. It is desirable that n type dopant and p type dopant are 
doped as a most excellent barrier layer, consider as n type, and In mixed-crystal ratio to Ga makes 0.5 or less InGaN a 
barrier layer. 

[0012] p type layer which grows on a barrier layer 5 also has GaN and desirable AIGaN. p type clad layer 6 is formed by 
50A - 1 micrometer thickness, and p contact layer 7 grows by 50A - 5 micrometers thickness. However, it is not necessary 
to make especially this p type clad layer 6 form. When a crystalline good thick film tends to grow by the monolayer, and 
these which form GaN and AIGaN preferably as a gallium-nitride system compound semiconductor dope p type dopant and 
anneal it above 400 degrees 0, they are in the inclination which serves as p type easily. 
[0013] 

[Function] The electron flow supplied at a barrier layer 5 is typically shown in drawing 4 from n type contact layer 3 which 
is first n type layer in the light emitting device of drawing 3 . This shows making a barrier layer 5 emit light uniformly, when 
the electron supplied from n type contact layer 3 spreads [ be / under / n type layer / with large electronic carrier 
concentration / of ** a second / 33 / passing / it ] uniformly, as shown in an arrow. Thus, if first n type layer is touched 
and second n type layer 33 with larger electronic carrier concentration than the first n type layer is formed in a barrier- 
layer side, since an electron will spread uniformly in second n type layer 33, uniform field luminescence is obtained from a 
barrier layer 5. 

[0014] As for second n type layer 33, it is good that it is desirable especially desirable to consider as InXAIYGa1-X-YN 
(0<X. Y<=0) containing an indium, and the mixed-crystal ratio (In/Ga) to Ga of In sets t o 0.5 or less InGj jj. Because, 
compared with the crystal which the crystal the gallium-nitride system compound semiconductor containing In tends to 
form [ whose ] a layer with larger electronic carrier concentration than what is not included, and it contains In does not 
include, a crystal is soft and it is easy to absorb crystal defects, such as dislocation. Therefore, it is because it is possible 
to ease the crystal defect of the first n tyjDeJayei^SJn^econd n tvpejlayeir^33jg^^ first n type layer 3 which 

has not carried out grid adjustment such as AIGaN and GiNTonasubstrate. 

[0015] As for first n type layer with el ectronic carrier c oncentrat ion smaller than seco nd n type layer 33 with desirable 
[ the electronic carrier concentration of second n type'Tayer33"Tand adjusting to the~?ange of threeTo1x1022/ cm3 of 
1x1018-/cm. it is desirable to adjust to the range of three to 1x1019/cm3^f JlxlOl^^^ Such electronic carrier 
concentration can be adjusted by doping n type dopants, such as Si, germanium, Sn, and 0, in second n type layer as 
mentioned above. The operation which extends an electron becomes will be hard to be obtained if the electronic carrier 
concentration of second n type layer 33 is smaller than 1x1018-/cm3. luminescence of a uniform barrier layer is hard to be 
obtained, if larger than 1x1022-/cm3, crySailmity^will become bad. and there is a possibility of having a bad influence on 
th performance of a light emitting device. Moreover, it is because luminescence of the barrier layer itself will be hard to be 
obtained if electronic carrier concentration is smaller than 1x101 6-/cm3 also about fi rst n type layer, and it is in the 
inclination for crystallinity to become bad when larger [ than 1x1019/cm3 ] and a thick film 1 micrometers or more is 
formed, and there is a possibility of reducing the output of an element 

[0016] The thickness of second ntype layer 33 is usuall y 10A - 1 micr ometer thickness, and it is desirableto form by 50A 
" 0.3 microm eters thickness still-more preferably. Since the operation which extends an electron becomesis hard to be 
obtained since crystalfinity will become inadequate if thinner than 10A, and luminescence of a uniform barrier layer is hard 
to be obtained, and it will become easy to generate a crystal defect in second n type layer if thicker than 1 micrometer, and 
crystallinity becomes bad. there is a possibility of worsening the performance of a light emitting device. 
[0017] Furthermore, second n typ layer 33 is good also^sjjniu^l^grjwjlG^ carried out the laminating of the gallium- 
nitride system compound semiconductor froirnvhicRThe^^ ratio of In, Ga. a nd aluminum differs more than two- 
layer. It is desirable to also mak still more preferably 1 0A - 1 micrometer also of thickness of each class^t the ilmeof 
consfdering as a multilayer into a jOAr.j[l3lmicrometers multiiayeTrWhile stopping the crystal defect of first n type layer in 
a multilayer layer by making this'Vcond n type layer 33 into a multilayer, the distortion under crystal at the time of carrying 
out the laminating of the gallium-nitride system compound semiconductor which has not carried out grid adjustment is 
eased, and since the semiconductor layer excellent in crystallinity can be grown up. the output of a light emitting device 
can be raised. 

[0018] Next, drawing 5 is the type section view showing the structure of the light emitting d vice of other examples of this 
invention. Second n type layer 33 is formed between the negative el ctrodes 8 and substrates 1 which were formed in first 
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DETAILED DESCRIPTION 

. r • 

■ — 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the light emitting device which consists of a gallium-nitride system 
compound semiconductor (InaAlbGal-a-bN, 0<=a, 0<=b, a+b<=1) used for light emitting devices, such as a laser diode (LD) 
and light emitting diode (Light Emitting Diode). 
[0002] 

[D scription of the Prior Art] Now, blue Light Emitting Diode with a luminous intensity of 1 cd put in practical use consists 
of a gallium-nitride system compound semiconductor (InaAlbGa1-a-bN, 0<=a, 0<=b, a+b<=1), and has the structure shown in 
drawing 1 . It is terrorism structure in the double by which the laminating of the buffer layer 2 which becomes the front face 
of the substrate 1 which consists of sapphire from GaN, n type layer 3 which consists of GaN, n type clad layer 4 which 
consists of AIGaN, the barrier layer 5 which consists of InGaN, p type clad layer 6 which consists of AIGaN, and the p typ 
contact layer 7 which consists of GaN was carried out to order. This blue Light Emitting Diode indicates the highest ever 
p rformances to be forward voltage (Vf)3.6V, the peak emission wavelength of 450nm, the luminous intensity of 1 cd, and 
1 2mW of radiant power outputs by blue Light Emitting Diode in forward-current (If)20mA. 

[0003] In Light Emitting Diode of the aforementioned structure, although a substrate 1 has usable material other than 
sapphire, such as ZnO, SiC, GaAs. and Si, generally sapphire is used As for a buffer layer 2, GaAIN besides GaN, AIN, etc. 
ar formed, n type contact layer 3 and n type clad layer 4 are formed in a gallium-nitride system compound semiconductor 
by the gallium-nitride system compound semiconductor which doped n type dopants, such as Si, germanium, Sn, and 0. 
Moreover, even if it does not divide n type contact layer 3 and n type clad layer 4 into a bilayer in this way, you may make 
them act as a clad layer and a contact layer as a single n type layer (it is got blocked and one of layers can be omitted). A 
barrier layer 5 consists of a gallium-nitride system compound semiconductor which contains an indium at least and p type 
dopant and/or n type dopants, such as a non dope, and Zn, Mg, Cd, Be, are doped. After p type clad layer 6 and p type 
contact layer 7 dope p type dopant to a gallium-nitride system compound semiconductor, let them be p type by carrying 
out annealing above 400 degrees C. Moreover, you may make p type clad layer 6 and p type contact layer 7 act as a clad 
layer and contact layers as single p type layers (an ellipsis of one of layers is possible like n layers). 
[0004] 

[Problem(s) to be Solved by the Invention] In the case of the gallium-nitride system compound semiconductor, compared 
with ni-V group compound semiconductors, such as other GaAs(es), GaP, and AlInGaP, it has the property in which current 
generally cannot spread easily uniformly. Then, when the Light Emitting Diode element of structure like drawing 1 is 
r alized, there is a problem that the electron flow supplied to a barrier layer from n layers will concentrate on the low part 
of resistance. Drawing 2 shows luminescence of the barrier layer by concentration of current typically. As the electron 
supplied from the negative electrode 8 of n type contact layer 3 shows the arrow of drawing 2 , this means emitting light 
strongly partially, as a barrier layer 5 shows the nearest distance in the halMone-dot-meshing section by flowing so that 
r sistance between the positive electrode 9 of p type contact layer 7 and the negative electrode 8 of n type contact layer 
3 may become low. Thus, if an electron does not spread uniformly in n type contact layer 3. there is a fault that uniform 
luminescence is not obtained from a barrier layer 5. 

[0005] Moreover, Light Emitting Diode of the above-mentioned structure reduced more than 5Wf compared with blue Light 
Emitting Diode set to Vf3.6V from the gallium-nitride system compound semiconductor of the conventional MIS structur . 
Although this shows luminescence by p-n junction, there is room to still improve also about Vf and the further fall of Vf is 
d sired. 

[0006] Therefore, the place which this invention is made in view of such a situation, is a thing, and is made into the purpose 
In the gallium-nitride system compound semiconductor light emitting device which is equipped with terrorism to double and 
equipped with the structures where n type layer was formed between the barrier layer and the substrate at least, such as 
terrorism, to a single First, luminescence more uniform than a barrier layer is obtained in the first place, it is in raising the 
luminous intensity of an element;" and an output, Vf is reduced [ second ] further, and it is in raising luminous efficiency. 
[0007] 

[Means for Solving the Problem] By making a layer with s till high er carrier concentration placed between n type la yers, we 
found out that the above-mentioned problem was sol va^^^^^ the galirum-nitridV^sySem co^mpo semicondnctor 

ligvtniSntting'de^ of this invention In^ gallium-nitride system compound semiconductor light emitting devic equipp d 
with the structure where n type layer was formed between the barrier layer and the substrate at least It is charact riz d 
by the aforementioned n typ layer containing second n type lay r with larger electronic carx ier j;oncentration than first n 
type layer by bein gform d in a b a rrier-layer side in cofftact wrthTfTe^rstjJty g^e layer a nd first n type lay er formed in th e 
substrate side. " 

[ 0008] The s tructure of the light emitting device of one example of this invention is shown in drawing 3 . Although 
fundamental structure is almost the same as the light emitting device shown in drawing 1 , n type contact layer 3 which is 
first n type layer is touched, and second new n type layer 33 with larger electronic carrier concentration than the first n 
type layer 3 is formed in a barri r-layer 5 side. A substrate 1, a buffer layer 2, n type contact layer 3, n type clad layer 4, a 
barrier layer 5, p type clad layer 6, and p type contact layer 7 grade can be formed by the gallium-nitride system compound 
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CLAIMS 



rciaim(s)3 

[Claim 1] The gallium-nitride system compound semiconductor light emitting device equipped with the structure where n 
type layer was formed between the barrier layer and the substrate at least characterized by providing the following. The 
aforementioned n type layer is first n type layer formed in the substrate side. Second n type layer with electronic carrier 
concentration it is formed in a barrier-layer side in contact with the first n type layer, and larger than first n type layer, 
rciaim 2] The gallium-nitride system compound semiconductor light emitting device according to claim 1 characterized by 
tSe L clappe' from the gallium-nitride system compound semiconductor (InXAIYGal-X-YN. 0<X. 0<=Y. X-.Y<=1) in which 
n type layer of the above second eontains an indium at least. ,. . ■ ■ j ■ 

[Claim 3] n type layer of the above second is a gallium-nitride system compound semiconductor light emitting device _ 
according to claim 1 or 2 to which the gallium-nitride system compound semiconductor layer from which composition differs 
mutually is characterized by the bird clapper from the multilayer by which the laminating was carried out more than two 
layer. 



[Translation done.] 



.../tran_web.cgi_eije?u=http%3A%2l^2Fwww6.ipdljpo.gojp%2Rokujitu%2Ftjitemcntipdl%3FN00{)0%3D21%26N040^ 



(ll)Publication number : 08-023124 
(43)Date of publication of application : 23.01.1996 



(51)IntCL 




HOIL 33/00 
HOIS 3/18 




- ^ 


(21)Application number 


: 06-154708 


(71)Applicant : 


NICHIA CHEM IND LTD 




(22)Date of filing : 


06.07.1994 


(72)Inventor ; 


NAKAMURA SHUJI 





(54) LIGHT-EMITTING ELEMENT OF GALLIUM NITRIDE COMPOUND SEMICONDUCTOR 

(57)Abstract: 

PURPOSE: To improve light-emitting efficiency by obtaining uniform light 
emission from an active layer, improving the luminosity and output of the 
element and further lowering Vf of the light-emitting element 
CONSTITUTION: In a gallium nitride compound semiconductor light-emitting 
element having a structure in which at least an nH:ype layer is formed 
between an active layer and a substrate, said n-type layer contains a first 
n-type layer 3 formed at the substrate side and also contains a second n- 
type layer 33 having electron density larger than in the first n-type layer 3 
formed at the side of an active layer 5 in contact with the first n-type layer 
3. 
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[Title of Invention] Gallium nitride type of compound 

semiconductor light emitting element 

[Summary] 

[Purpose] To obtain a uniform light emitting from the 
active layer and to improve the brightness of the element 
and to improve the output. Also, to reduce further the Vf 
in the light emitting element, the light emitting 
efficiency can be improved. 

[Constitution] In a Gallium nitride type of compound 
semiconductor light emitting element that is provided with 
a structure that consists of at least one n- type layer 
formed between the active layer and the substrate, the 
aforementioned n type layer consists of the 1^^ n type layer 
3 that is formed at the substrate side and the 2"""^ n type 
layer 33 that is formed at the active layer 5 side that is 
touching that 1^^ n type layer 3. It has higher 
concentration of electron carriers than the 1^^ n type layer 
3 . 

/2 

[Scope of Patent Claims] 

^ Numbers in the margin indicate pagination in the foreign text. 
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[Claim 1] In a Gallium nitride type of compound 
semiconductor light emitting element that is provided with 
a structure that consists of at least one n- type layer 
formed between the active layer and the substrate, the 
aforementioned n type layer consists of the 1 n type layer 
that is formed at the substrate side and the 2^^ n type 
layer that is formed at the active layer side that is 
touching that 1^^ n type layer. It has higher concentration 
of electron carriers than the 1^^ n type layer. 

[Claim 2] The aforementioned 2^^ n type layer in the 
nitride gallium type compound semiconductor light emitting 
element stated in Claim 1 is characterized as being made 
from gallium nitride type compound semiconductor (InxAlYGa 
1-x-yN, 0<X, 0<Y, X+Y<1) containing at least one of this, 
Indium. 

[Claim 3] The aforementioned 2"^^ n type layer in the nitride 
gallium type compound semiconductor light emitting element 
stated in Claim 1 or Claim 2 is characterized as being made 
from gallium nitride type compound semiconductor consisting 
of lamination of above 2 layers of different composition. 
[Detailed explanation of the invention] 
[0001] 

[Industrial field of use] The invention pertains to a light 
emitting element made from gallium nitride type compound 
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semiconductor (InaAlbGa 1-a-bN, 0<a, 0<b, a+b<l) used in 
the light emitting element such as light emitting diode 
(LED) and laser diode (LD) . 
[0002] 

[Prior Art] At present, the blue color LED of light 
emitting light of led is made of gallium nitride type 
compound semiconductor (InaAlbG a 1-a-bN, 0<a, 0<n, a+b<l) , 
its structure is shown in figure 1. The double hetero 
structure is laminated respectively with the following 
layers on the top surface of the substrate 1 made of 
sapphire, that is, the buffer layer 2 made from GaN, the n 
type layer 3 made from GaN, the n type clad layer 4 made 
from AlGaN, the active layer 5 made from InGaN, the p type 
clad layer 6 made from AlGaN and the p type contact layer 7 
made from GaN. This blue color LED has sequence direction 
current flow (If) of 20 mA, the sequence direction voltage 
(Vf) is 3.6 V, the peak light emitting wavelength is 450 
nm, the degree of light emitting is led, the light 
generating output is 1.2 mW, the blue color LED shows 
excess high performance. 

[0003] In the LED of the aforementioned structure, the 
materials given as follows can be used instead of the 
sapphire for the substrate 1, for example, ZnO, SiC, GaAs, 
Si. However, in general, sapphire is used. The buffer layer 
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2 is formed with GaALN, ALN in addition to GaN. The n type 
contact layer 3, the n type clad layer 4 are formed with 
the gallium nitride type compound semiconductor doped with 
the n type do-pant such as Si, Ge, Sn, C onto the gallium 
nitride type compound semiconductor. Also, the n type 
contact layer 3, the n type clad layer 4 acts as the clad 
layer and the contact layer and as the single n type layer 
not divided into two layer (then, either layer can be 
omitted) . The active layer 5 is made from the gallium 
nitride type compound semiconductor that consists of 
indium, it is doped with the p type dopant and/or the n 
type of dopant such as Zn, Mg, Cd, Be or it is non-doped. 
After the p type clad layer 6 and the p type contact layer 
7 are doped with the p type dopant on the gallium nitride 
type compound semiconductor, it is annealed above 400 
degree C and becomes the p type. Also, the p type clad 
layer 6 and the p type contact layer 7 are acted as the 
single p type layer, the clad layer and the contact layer 

(any of these layers can be omitted similar to the n 
layer) . 

[0004] 

[The problems resolved by the invention] The gallium 
nitride type compound semiconductor has non-uniform current 
flow as compared to the Group III - V compound 
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semiconductor such as GaAs, GaP, ALInGaP. When the LED 
element having the structure shown in Figure 1 is obtained, 
the flow of the electron supplied to the active layer from 
the n layer all concentrates in the location with low 
resistance which is a problem. Figure 2 show a typical 
model of the light emitting active layer due to the 
concentration of the current. The electron is supplied from 
the negative electrode 8 of the n type contact layer 3 as 
shown in the arrow of figure 2 . The resistance between the 
positive electrode 9 of the p type contact layer 7 and the 
negative electrode 8 of the n type contact layer 3 is 
reduced. By flowing the current at a closer distance, the 
active layer 5 emits strong light partially shown with the 
net hanging part. Thus, the electrons are uniform at the n 
type contact layer 3 but the drawback is that uniform light 
emitting cannot be obtained from the active layer 5. 

[0005] Also, the LED of the above structure has Vf 3 . 6 V as 
compared to the blue color LED made from the gallium 
nitride type compound semiconductor of the conventional MIS 
structure which has Vf of above 5V. The light is emitted by 
the p - n bond so there is a need for the improvement of 
the Vf . In addition, the reduction of Vf is desired. 

[0006] Therefore, the purpose of the invention is to focus 
on the above problems and offer a gallium nitride type 
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compound semiconductor light emitting element that is 
provided with a structure where the n type layer is formed 
between the active layer and the substrate such as the 
double hetero and the single hetero. Uniform light emitting 
can be obtained from the active layer. First, the 
brightness of the element and the output are improved. 
Second, the Vf is reduced and the light emitting efficiency 
is improved. 
[0007] 

[Means for resolving the problems] The purpose of the 
invention is to resolve the above problems by having a 
layer consisting of high concentration of electron carriers 
in the n type layer. That is, in a Gallium nitride type of 
compound semiconductor light emitting element that is 
provided with a structure that consists of at least one n- 
type layer formed between the active layer and the 
substrate, the aforementioned n type layer consists of the 
1^^ n type layer that is formed at the substrate side and 
the 2^^ n type layer that is formed at the active layer side 
that is touching that 1^^ n type layer. It has higher 
concentration of electron carriers than the l"' n type 
layer. 

/3 
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[0008] The structure of the light emitting element of one 
implementation example of the invention is shown in figure 

* 

3. The basic structure is the same as the light emitting 
element shown in figure 1. It is placed close to the n type 
contact layer 3 which is the 1^^ n type layer. The 2^^"^ n type 
layer 33 is formed with large electron carrier 
concentration than the 1^^ n type layer 3, this is formed at 
the active layer 5 side. The gallium nitride type compound 
semiconductor is formed with a substrate 1, a buffer layer 
2, the n type clad layer 4, an active layer 5, a p type 
clad layer 6, the p type contact layer 7. These are formed 
as a single layer, the n type clad layer 4 and the n type 
contact layer 3. Also, the p type clad layer 6 and the p 
type contact layer 7 can be the single layer p type. 
[0009] In the light emitting element of the invention, it 
is preferred that sapphire is used for the substrate 1, the 
gallium nitride type compound semiconductor layer is grown 
having excellent crystal linity. GaN or AIN are grown on the 
buffer layer 2 and it is grown into a thicJcness of 10 

angstroms - 0.5 |im. 

[0010] The 1^^ n type layer formed between the active layer 
5 and the substrate 1 is formed into a standard thickness 

of 1 |J.m - 5 |um as the n type contact layer 3 . When the n 
type clad layer 4 is formed on the top surface, the 
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thickness is 50 angstroms to 1 |im. Therefore, as mentioned 
above, it is preferred that this n type clad layer 4 is 
formed. It is preferred that GaN, ALGaN is used in the 
gallium nitride type compound semiconductor. The most 
preferred is GaN. GaN and AlGaN become the n type doped 
with the n type dopant or it is non-doped. The electron 
carrier concentration can be controlled easily by the 
dopant. In addition, GaN grow easily forming a thick single 
layer crystal from the AlGaN. For example, when the n type 
layer and the p type layer are laminated in this order on 
the sapphire substrate, the light emitting element is 
obtained. Since the electrode 8 is provided in the n type 
contact layer 3, the p type layer is removed by etching and 
the n type contact layer 3 must be exposed and a thickness 
of a single layer is formed. Since the etching depth is not 
fixed, a real element can be realized which is highly 
desirable . 

[0011] Next, the active layer 5 is grown with a standard 
thickness of 50 angstroms - 0.5 jiim, InGaN film is obtained. 
The light emitting wavelength of the light emitting element 
using the light emitted between the band by the indium 
crystals of InGaN mixture can be changed easily to red - 
green color. In addition, the n type and p type dopant are 
doped and it is used easily as the core for emitting the 
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light. In addition, it is preferred that the crystals 
mixture ratio (In/Ga) for the In in Ga is below 0.5. When 
the InGaN is more than 0.5, the crystallinity is poor and 
it tends to be difficult to obtain a light emitting element 
practically. An example of an excellent layer is the n type 
doped with the n type dopant and the p type dopant. The In 
crystal mixture ratio in Ga is below 0.5, the InGaN layer 
becomes the preferred active layer. 

[0012] It is preferred that the P type layer GaN and AlGaN 
are grown on top of the active layer 5. The p type clad 

layer 6 is formed at a thickness of 50 angstroms - 1 |am. The 
p contact layer 7 is formed at a thickness of 50 angstroms 
- 5 i^m. That is, this p type clad layer 6 is not formed in 
any special form. It is preferred that GaN, AlGaN are 
preferred to be formed as the gallium nitride type compound 
semiconductor. The film thickness can be grown easily in a 
single layer with good crystallinity. Also, the p type 
dopant is doped and it is annealed easily above 400 degree, 
this tends to become the p type. 
[0013] 

[Action] A typical model of the current flowing in the 
electrons are supplied to the active layer 5 from the n 
type contact layer 3 which is the 1^*^ n type layer in the 
light emitting element of figure 3. Active layer 5 emits 
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uniform light by increasing the electrons uniformly via the 
2^^ n type layer 33 of large electron carrier concentration 
as shown in the direction of the arrow. This touches the 1^^ 
n type layer. When the 2^^ n type layer 33 formed at the 
active layer side has large electron carrier concentration 
than the 1^^ n type layer at the 1^^ n type layer, since the 
electrons increased uniformly in the middle of the 2 n 
type layer 33, a uniform light emitting surface is obtained 
from the active layer 5. 

[0014] It is preferred that the 2"^^ n type layer 33 becomes 
the InxAlyGal-x-yN (0<X, Y <0) containing Indium. In 
particular, it is preferred that the crystals mixture ratio 

(In/Ga) of the In in Ga is below 0.5, this InGaN mixture is 
preferred. In addition, the gallium nitride type compound 
semiconductor containing In can form easily the layer with 
a large concentration of electron carrier than the one not 
containing it. Also, the crystal containing the In has 
soft crystal than the one that do not contain any. The 
crystal flaw is absorbed easily like the rotation position. 
Therefore, when the 1^^ n type layer that do not contain the 
lattice of AlGaN and GaN grows the 1^^ n type layer 3 on the 
substrate, the crystal flow of that 1^^ n type layer 3 can 
be pacified with the 2^^ n type layer 33 . 



11 



[0015] The concentration of the electron carriers in the 2 
n type layer 33 is preferred to be adjusted in the range of 
1 X 10^^/cm^ - 1 X 10^^ / cxv? , Also, it is preferred that the 
concentration of the electron carriers in the 1^^ n type 
layer that is smaller than that concentration in the 2"^ n 
type layer 33 is preferred to be adjusted to the range of 1 
X 10^^/cm^ - 1 X 10^^ /cm^. Also, it is preferred that the 
electron carrier concentration can be adjusted by doping 
the n type dopant such as Si, Ge, Sn and C on the 2^^ n type 
layer. If the electron carrier concentration of the 2^^ n 
type layer 33 is smaller than 1 x 10 /cm , it is difficult 
to obtain the action of widening the electrons, a uniform 
active layer for emitting light is difficult to obtain. 
When it is larger than 1 x 10^^ / cxv? , poor crystallinity is 
obtained. If the electron carrier concentration of the 1st 
n type layer is smaller than 1 x 10"/cm^ , it is difficult 
to emit light from the active layer itself. Also, if the 
electron carrier concentration is smaller than 1 x 10"^^/cm^ 

and the film thickness is above 1 |am, the crystallinity 
tends to become poor, the output of the element is reduced. 

/4 

[0016] The thiclcness of the 2'''^ n type layer 33 is usually 
at a thicl^ness of 10 angstroms to 1 (am. In addition, it is 
preferred to be formed at a thickness of 50 angstroms - 0.3 

12 



)im. If it is less than 10 angstroms, the crystallinity is 
insufficient, the action to enlarge the electrons is 
difficult to obtain and it is difficult to obtain light 
emitting from the uniform active layer. Also, since the 
cystallinity is poor as the thickness is more than 1 |Lim, the 
crystal flaw is generated easily in the 2"^^ n type layer, 
the function of the light emitting element becomes poor. 
[0017] In addition, the 2'''^ n type layer 33 is preferred to 
be multilayered of above 2 layers of the gallium nitride 
type compound semiconductor with different composition 
ratio of In, Ga and Al . When this is a multilayered 
structure, it is preferred that the thickness of each layer 

is 10 angstroms - 1 jim. In addition, it is preferred that 
the thickness of the multilayered structure is at 50 
angstroms - 0.3 |im. By multilayering this 2"^"^ n type layer 
33, the crystal flaw of the 1^*^ n type layer can be 
suppressed with this multilayer film. Also, the torsion in 
the crystal can be buffered by the laminating of the 
gallium nitride type compound semiconductor. An excellent 
semiconductor layer having good crystallinity can be grown 
and the output of the light emitting element can be 
improved . 
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[0018] Next, figure 5 is the typical cross section showing 
the structure of the light generating element of another 
example of the invention. The 2""^ n type layer 33 is formed 
between the substrate 1 and the negative electrode 8 formed 
on the 1^^ n type layer 3. This shows the distance of the 2'^'^ 
n type layer 33 and the negative electrode 8 is close. In 
this case, the electrode 8 can be formed on the surface of 
the 2^^ n type layer 33 with large carrier concentration. 
For example, as compared to figure 4, since there are a 
large concentration of electron carriers flowing through 
the 2""^ n type layer 33, Vf of the light emitting element 
can be reduced. In addition, when an insulated substrate is 
used such as sapphire, since the etching is difficult in 

nd 

terms of production technique with the stopping by the 2 n 
type layer 33, the distance of the 2'''^ n type layer 33 and 
the negative electrode 8 shown in figure 5 is reduced. By 
having a large electron carrier concentration entering from 
the electrode 8 via the 2'''^ n type layer 33, Vf can be 
reduced . 

[0019] In addition, the substrate is made of sapphire, the 
n type layer, an active layer and a p type layer are 
laminated in this order on the surface of that sapphire 
substrate. In this light emitting element where an 
electrode is formed on the surface of the n type layer that 
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is etched and exposed with that p type layer and the active 
layer, the 2"^^ n type layer 33 is formed between the n type 
layer electrode formation surface and the substrate, the Vf 
can be reduced effectively. In addition, the light emitting 
element of the structure formed with the gallium nitride 
type compound semiconductor is grown on the surface of the 
conductive substrate such as SiC, ZnO and Si. The n type 
layer electrode is formed on the substrate side. The 
electrons at the n layer side is supplied to perpendicular 
to the active layer side. The electrons having the sapphire 
substrate as discussed above are supplied parallel to the 
active layer. The electrons that are supplied 
perpendicularly have a moving distance in the n type layer 

of several |am and the moving distance of the electron 

supplied in the parallel direction of several +|im to several 

hundred )im. Therefore, in the element where the electrons 
are supplied in the parallel direction, the carrier 
concentration of the 2^^ n type layer supplying the 
electrons in the parallel direction is increased. The 
electrons move easily and the Vf is reduced. 
[0020] 

[Implementation example] 
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[Implementation example 1] According to the MOVPE method, 
the buffer layer 2 made from GaN is grown into a thickness 
of 0.02 |im on the top surface of the substrate 1 made from 
sapphire of 2 inch diameter. The 1^^ n type layer is formed 
on the top surface of this buffer layer 2 , The n type 

contact layer 3 made with the n type GaN of 1 |am in 
thickness and of electron carrier concentration of 
5xl0^^/cm^ that is doped with Si is grown as the 1^^ n type 
layer on the surface of this buffer layer 2 . 

[0021] Next, the n type InO . 1 GaO . 9N of 0.05 |am in thickness 
and of electron carrier concentration of lxlO^°/cm^ that is 
doped with Si is grown as the 2nd n type layer on the 
surface of the n type contact layer 3 . 

[0022] Next, the n type contact layer 3' made from GaN of 3 
|im in thickness and of electron carrier concentration of 
5xl0^^/cm^ that is doped with Si is grown, 

[0023] The n type clad layer made from the n type 
Al0,2Ga0.8N of 0 . 1 |J-m in thickness and of electron carrier 
concentration of IxlO^^/cm^ that is doped with Si is grown 
on the surface of the n type contact layer 3' . An active 
layer made from Si and Zn dope n type In 0 . IGaO , 9N of 0.1 |im 
in thickness, the p type clad layer 6 made from Mg dope A 
10,2Ga 0.8N and the p type contact layer 7 made from Mg 
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dope GaN are grown and laminated in this order on the top 
surface . 

[0024] The wafer obtained according to the above method is 
introduced into annealing machine and it is annealed at 700 
degree C. After the p type clad layer 6 and the p type 
contact layer 7 are made into a low resistance p type. The 
mask in a certain form is formed on the surface of the p 
type contact layer 7. Etching is performed from the p type 
contact layer side and the n type contact layer 3' is 
exposed . 

[0025] Then, according to a normal method, after the 
positive electrode 9 is formed on the p type contact layer 
7 and the negative electrode 8 is formed on the exposed n 
type contact layer 3', it is separated into a chip shape. 
This becomes the blue color light emitting element of the 
structure shown in figure 5. With this light emitting 
element, a uniform light emitting surface is observed, the 
main light emitting wavelength of 450 nm is from the active 
layer 5. In the current flow direction (If) is 20 mA, the 
Vf is 3.3V, the light emitting output is 1.8 mW. 

[0026] [Implementation example 2] An n type contact layer 3 

is grown into a thiclcness of 1 |im, this is made up of Ge 
doped GaN 10.1 of electron carrier concentration of 1 x 
10^^/cm^, this is formed on the top surface of the buffer 
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layer 2. Next, the 2 n type layer made from Ge dope In 0,2 
GaO . 8N of 0.01 |im of electron carrier concentration of 
5xl0^°/cm^ is formed on this top surface. Next, the n type 
contact layer 3 ' made from Ge dope n type GaN of 2 |im of 
electron carrier concentration of IxlO^^/cm^ , the 2^^ n type 
layer 33' made from Ge dope n type In0.2Ga0.8N of 0.01 |im of 
electron carrier concentration of 5xl0^°/cm^ , Ge dope n type 

GaN layer of 1 jam of electron carrier concentration of 
IxlO^^/cm"^ are formed in this order on the top surface of 
the 2'''^ n type layer 33. 

/5 

[0027] The n-type clad layer 4, the active layer 5, the p 
type clad layer 6, the p type contact layer 7 are laminated 
similar to that implementation example 1. This becomes the 
blue color light emitting element having the structure 
shown in figure 6. Therefore, as shown in figure 6, the 
depth of the etching is from the p type contact layer 7 to 
the n type contact layer 3'. The negative electrode 8 is 
formed on the surface of the n type contact layer 3' . 
Then, when this light emitting element emits light, a 
uniform surface light emitting is measured from the active 
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layer 5 similar to implementation example 1. The emitting 
output is 2.0 mW with Vf of 3.2 V and If of 2 0 mA. 
[0028] [Implementation example 3] An n type contact 3 is 

grown into a thickness of 3 jam, this is made up of Si doped 
A 10.1 GaO . 9N of electron carrier concentration of 1 x 
10^^/cm^, this is formed on the top surface of the buffer 
layer 2. Next, 5 layers each of the following are laminated 

on this top surface, Si dope In 0.2 GaO.SN of 0.01 [im of 
electron carrier concentration of lxlO^°/cm"^ and Si dope A 
10.05 Ga0.95N of 0.01 ^m of electron carrier concentration 
of lxlO^°/cm^. The 2'''^ n type layer 33 is grown. 
[0029] Next, the following are formed and laminated in this 

order on the top surface of the 2^^ n type layer 33, 0 . 1 |im 
of the active layer 5 made from Si and Zn dope n type In 

0. 1 Ga0.9N, the p type clad layer 6 made from the Mg dope A 
10.2 GAO.SN and the p type contact layer 7 made from Mg 
dope GaN. Next, the active layer 5, the p type clad layer 
6, the p type contact layer 7 are formed similarly without 
forming the n type clad layer 4 of implementation example 

1. Then, the etching is performed similar to implementation 
example 1. The light emitting element having the structure 
shown in figure 3 is obtained. Uniform surface light 
emitting is obtained from the active layer 5 similar to 
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when this light emitting element emits light. When If is 20 
mA, Vf is 3.5 V, the light emitting output is 2.2 mW, 
[0030] [Comparison example] The 2^^ n type layer 33 in 
implementation example 1 is not formed here but the rest of 
the example is carried out similarly. A GaN contact layer 

is formed continuously to 4 [am thiclcness. The structure of 
this light emitting element is shown in figure 1. The 
active layer of this light emitting element has strong 
light emission between the positive electrode 9 and 
negative electrode 8 shown in figure 2. A uniform light 
emission cannot be obtained. Also, when If is 20 mA, Vf is 
3.6 V, the light emitting output is 1.2 mW. 
[0031] 

[Effect of invention] According to the invention as 
described above, this light emitting element can provide 
improved light emitting output, a uniform light emitting 
surface can be obtained from the whole active layer. Also, 
according to implementation examples 1 and 2, the 2 n type 
layer 33 is formed between the negative electrode 8 and the 
substrate 1, it is clear the Vf is reduced. Also, in 
implementation example 3, since the 2^*^ n type layer is not 
formed between the substrate and the negative electrode, 
the reduction of Vf is not affected. Also, since the 2^^ n 
type layer is multilayered, there are less flaws in the 
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crystal in the active layer, the p type clad layer and the 
P type contact layer. The light emitting element of the 
invention can be formed at the active layer side where the 
2^^ n type layer is bonded to the 1^^ n type layer. Uniform 
light emitting surface can be obtained. Thus, the element 
with improved light emitting output can realized. 
[Brief explanation of the diagrams] 

[Figure 1] This is a typical cross section showing the 
structure of the conventional light emitting element. 

[Figure 2] This is a typical cross section showing the 
light emitting state of the light emitting element of 
figure 1 . 

[Figure 3] This is a typical cross section showing the 
structure of the light emitting element of one 
implementation example of the invention. 

[Figure 4] ] This is a typical cross section showing the 
light emitting state of the light emitting element of 
figure 3 . 

[Figure 5] This is a typical cross section showing the 
light emitting state of the light emitting element of 
another implementation example of the invention. 

[Figure 6] This is a typical cross section showing the 
light emitting state of the light emitting element of 
another implementation example of the invention. 
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[Description of the symbols] 

1 - the substrate, 2 - the buffer layer, 4 - the n type 
clad layer, 5 - the active layer, 6 - the p type clad 
layer, 7 - the p type contact layer, 8 - the negative 



electrode, 9 - the positive electrode, 3, 3', 3" - The 1^^ n 



type layer (n type contact layer), 33, 33' - The 2 n type 



layer 



11212] 



3] 




ESS 



.-7 



^—^ZZZZZZ 



'Am 






S]6 ] 





22 



